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“The Task Group also observes that resource 
constraints will likely pressure future programs, 
such as the Vision for Space Exploration.  There 
will always be pressure for under-funding and 
overly-aggressive scheduling that must be 
recognized and mitigated by senior leadership.”

- Return to Flight Task Group Final Report, June 2005

Future Challenges
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How Important are Cost and 
Schedule?

“O.K., we’re lying about the cost 
and schedule, but otherwise 
some great things would not be 
built.”

- NASA Project Manager “X”
Feb 2005
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New Congressional Mandate
• Definitions

– Development cost is from PDR to IOC (Phase C/D)
– Life Cycle Cost is from PDR through end of Phase E

• Major program is one with a life cycle cost of > $250M
• Congressional notification triggers

– Development cost growth of 15% or…
– 6 month slip in any major milestone

• Notification entails…
– Magnitude of expected growth
– Reasons for growth
– Impacts to other programs/projects [siblings]
– The revised cost and schedule if initial project requirements are held
– The revised cost and schedule if remedial actions are taken [e.g. de-

scopes]
– An Analysis of Alternatives (AOA) with revised cost and schedule

estimates
• Project termination required at 30% cost growth unless Congress 

authorizes continuation by law
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Risky Business
• “Single point” cost and schedule estimates 

contribute to under-funded budgets and overly-
aggressive schedules because they: 

– Assume the final outcome is known (e.g. “it will cost $440M,” “it 
will take 56 months to finish”)

– Do not fully consider risk (threats and opportunities) and other
factors that could affect a project’s cost or schedule

– Are one of many possible outcomes which can be less or more 
than the estimates

– Have a near-zero percent probability of actually occurring as 
planned or budgeted

– Often reflect bias of the estimator and can be overly optimistic or 
pessimistic

– Tend to promote the “buy-in” syndrome which ultimately can lead 
to cost and schedule overruns
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Risk Should Drive Reserve Levels
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Financial ReserveFinancial Reserve

Cost without reserves for riskCost without reserves for risk

Cost with reserves to cover some riskCost with reserves to cover some risk

Cost with all risks covered by Cost with all risks covered by 
budgetbudget
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Range of Estimates
• Cost and schedule estimate “ranges” can help 

mitigate the threat of under-funded budgets and 
overly-aggressive schedules because: 

– A range of cost or duration estimates considers the 
risk inherent in the work scope

– The probability of achieving outcomes within the 
range can be quantified

– The estimate range provides a basis for establishing 
cost and schedule reserves

– The range can be a key input to decision makers who 
must determine portfolio, program and project 
priorities  
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Understanding Risk Level Helps 
Determine Necessary Reserves

• How much new technology is involved in the development effort?
• Is this a new design?
• How much scope uncertainty is there?
• What is the heritage of this development?
• How aggressive is the schedule?
• How experienced is the management team?
• How stable is the organization?
• Are the resources (people, facilities) readily available?
• What is the basis for the cost and schedule estimate?
• What is the acquisition strategy?
• What types of contracts are involved?
• Are there environmental or facility issues?
• How will local, national or global politics impact the project?
• What is the labor and financial market status?
• Is the budget of partnering organizations stable?
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Risk Breakdown Structure
ProjectProjectProject

ExternalExternalTechnicalTechnical

RequirementsRequirements Contractors & SuppliersContractors & Suppliers

OrganizationalOrganizational

Project DependenciesProject Dependencies

Project ManagementProject Management

EstimatingEstimating

QualityQuality

Performances & ReliabilityPerformances & Reliability

Complexity & InterfacesComplexity & Interfaces

TechnologyTechnology RegulatoryRegulatory

MarketMarket

PoliticsPolitics

WeatherWeather

ResourcesResources

FundingFunding

PrioritizationPrioritization

PlanningPlanning

ControllingControlling

CommunicationCommunication

Launch SiteLaunch SiteITAR ConsiderationsITAR Considerations

Partnership Partnership 
ArrangementsArrangements Acquisition StrategyAcquisition Strategy

Project Phase
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Project Cost and Schedule 
Reserve Structure

Reserves

Funded Unfunded Descope 
Options

Financial Schedule

HQ or Program
Contingency Project

Schedule
Reserve Slack/Float

Total 
Slack/Float

Free 
Slack/Float

Contingency

Management 
Reserve

Budget Cushion

Unfunded 
Schedule Reserve

Project 
Slack/Float

Schedule 
Contingency 

Reserve

Schedule 
Management 

Reserve
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Reserve Planning Methods

Determine reserve based on calculation of expected value of 
decision alternativesDecision Tree Analysis

Recommendation from those with expertise or experience 
appropriate for the application, discipline or effortExpert Judgment

Simulate the project schedule (or budget) by characterizing risk using 
3-point estimates and specifying probability distribution shapes for 
activities (or budget items) to determine a range of possible 
outcomes and their associated confidence levels

Monte Carlo Analysis

Evaluation of tradeoffs among most likely, optimistic, pessimistic and 
expected value activity durations (or budgets items)3-Point Estimate Derivation

Calculation of expected value of project risks (probability x impact)Risk-Based Expected Value

Rule-of-thumb based on historic norms (e.g. one month of reserve for 
each year between time-now and launch readiness date)Fixed Standard

% of overall project duration (or budget) deducted OR added, and 
established as the schedule (or financial) reserveApplied Percentage

ApproachPlanning Method
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Project Estimate Validation 
Process

Project ScopeProject Scope

RisksRisks

Parametric EstimateParametric Estimate Schedule 3 point estimateSchedule 3 point estimate Cost 3 point estimate of nonCost 3 point estimate of non--schedule schedule 
related risksrelated risks

Monte Carlo Simulation Monte Carlo Simulation 
(Schedule based software)(Schedule based software)

Determination of projectDetermination of project’’s range of s range of 
cost and schedule estimatescost and schedule estimates

Justification & agreement on cost &Justification & agreement on cost &
schedule estimates, confidence schedule estimates, confidence 

levels, and required reserveslevels, and required reserves

Monte Carlo Simulation Monte Carlo Simulation 
(spreadsheet based software)(spreadsheet based software)
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3-Point Estimate
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How confident are we of 
achieving a 6/4/10 launch?

WBS Task Name Duration Total
Slack

DJT Project 960 d 0 d

NAR Approval 0 d 0 d

5.0 Payload 500 d 25 d

Foreign-Supplied Instrument 425 d 100 d

NASA In-House Instrument 450 d 75 d

Procured Instrument 500 d 25 d

6.0 Spacecraft 525 d 0 d

7.0 Mission Ops System 500 d 145 d

9.0 Ground System 500 d 145 d

10.0 System Integration & Test 435 d 0 d

Payload-Spacecraft I&T 120 d 0 d

Environmental Test Program 180 d 0 d

Schedule Reserve 90 d 0 d

Launch Site I&T 45 d 0 d

8.0 Launch Vehicle 650 d 265 d

Launch Readiness Date 0 d 0 d

10/2

6/4

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
2006 2007 2008 2009 2010

Critical
Path

Critical
Path

Is the 
Reserve 

Sufficient?

Is the 
Reserve 

Sufficient?
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Monte Carlo Analysis
Date: 1/2/2006 6:23:25 PM
Samples: 2500
Unique ID: 1
Name: DJT Project

Completion Std Deviation: 49.16 d
95% Confidence Interval: 1.93 d
Each bar represents 15 d

Completion Date
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0.14 Completion Probability Table

Prob ProbDate Date
0.05 3/31/10
0.10 4/16/10
0.15 4/29/10
0.20 5/7/10
0.25 5/18/10
0.30 5/26/10
0.35 6/4/10
0.40 6/14/10
0.45 6/22/10
0.50 7/1/10

0.55 7/8/10
0.60 7/20/10
0.65 7/29/10
0.70 8/10/10
0.75 8/20/10
0.80 9/2/10
0.85 9/20/10
0.90 10/13/10
0.95 11/15/10
1.00 2/28/11

The Project has a .35 Probability of Achieving a 6/4/10 Completion
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Monte Carlo 
Schedule 
Simulation 
Demonstration
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Calipso Monte Carlo 
Simulation Results

($K)



19
Tiffany & Majerowicz   Master’s Forum

Forecast: Grand Total Cost and 
Schedule Delay Backup Data

($K)



20
Tiffany & Majerowicz   Master’s Forum

Contingency Trend Analysis
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       ($ in 000s) Beginning ESA
Balance Delivery Operations Ext Mission

Reserve: Project Cost CDR (Oct 05) June FY06 Start 6/FY08 Aug FY09

Available Reserve $ 8,500 $ 1,000 $ 210 $ 12

Available Cost (To-Go) $ 35,169 $ 5,399 $ 1,352 $ 249

Ratio 24% 19% 16% 5%

Standard 20% 10% 15% 5%

Over/ (Under) Standard 4% 9% 1% 0%

Available Reserves- 
Percentage of "To-Go" Cost Plan

0%

5%

10%

15%

20%

25%

30%

CDR ESA Delivery Operations Start Extended Mission

Establishing Thresholds

Plan
Standard
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Contingency Reserve History
May 2002
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-A-DCS/SARP ($138K)
-System Engineering ($68K)
-Miscellaneous Overruns ($16K)

-SAFT Battery Cells ($81K)
-MIMU s/n 57 repair ($75K)
-A-DCS SARP ($71K)
-I&T ($51K)

-2001 Actual Cost Rerate $145K
-NOAA-M Fuse Board/TCE Anomaly ($149K)
-I&T NOAA-N' Test Procedures ($70K)
-System Eng ($60K)
-SAFT Battery Cells $46K
-SBUV Baffle Panels Matl ($39K)
-Miscellaneous Overruns ($86K)

-NOAA-M Fuse Board/TCE Anomaly ($20K)
-Incorporated Proposal 6P $733K
-Close SC01-01: TOAR Board Participation $41K
-Close SC01-02:  RGYRO & Other Flight S/W $40K
-Mod 486 AVHRR UIIS Brushless Motor ROM $1K        
-Miscellaneous Overruns ($45K)

-System Engineering ($81K)
-Design Engineering ($59K)
-Ground Systems ($41K)
-Miscellaneous Overruns ($32K)
-Product Assurance $61K
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Contingency Reserve History

May 2002
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Example Slack Trend With Risk 
Thresholds

WBS 1.1.2.2  RTT B Assembly Risk Indicator
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Top Payload Critical Paths
System Subsystem Critical Component

Slack * to 
Payload 
Delivery

Slack * to 
Launch

Comment

Lidar ILT RADLOM I&T 0 Days (TBD) 0 + 60 Days BEO issue
Lidar ILR PMT Modules 0 Days 0+ 60 Days LaRC Activity
Flight IIR (GFE) 0* Days 0 + 60 Days

Lidar ILT Lidar Core I&T 1 Days 1 + 60 Days

Lidar ILR Shutter Mechanism 8 Days 8 + 60 Days

Lidar Payload Controller 13 Days 13 + 60 Days SIB Problem
Lidar ILT Wide Field Camera 35 Days 35 + 60 Days

Lidar ILT Laser Electronics Module 
(Fibertek)

38 Days 38 + 60 Days

• Slack shown in work days

*Slack to delivery date  on this row is calculated from optimal integrated date.

10/30/02
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Summary

• Managing reserves is often misunderstood 
and under managed

• Quantitatively linking reserve levels to risk 
threats and opportunities provides excellent 
justification for reserve requests

• Reserve usage control and tracking improves 
the decision making process
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